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(54) Vehicle heating apparatus 

(57) A heater duct (18) is disposed between an air 
blower unit (12) and an air heater unit (16). A plate (34) 
is disposed in the heater duct (18) near an outlet joint 
(26) of the heater duct ( 1 8). The plate (34) has a closure 
member (48) and a plurality of through holes (50a, 50b) 
defined therein on opposite sides of the closure member 
(48). Air delivered under pressure from the air blower 
unit (12) is divided by the closure member (48) into air 



flows that pass through the through holes (50a, 50b) and 
are combined and mixed with each other, supplying air 
to the air heater unit (16) with a desired air speed distri- 
bution. The plate (34), which is of a relatively simple 
structure, is capable of easily and reliably achieving the 
same air speed distribution when an evaporator is not 
installed as the air speed distribution when the evapo- 
rator is installed, providing an effectively increased ve- 
hicle heating capability. 
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Description 

The pr sent invention relates to a vehicle heating 
apparatus having a heater duct disposed between an 
air blower unit and an air heater unit. 

Description of the Related Art: 

Generally, heating apparatus for heating the pas- 
senger's compartment of vehicles such as automobiles 
comprise an air blower unit for discharging air at a given 
rate from air outlets in the passenger's compartment, an 
air heater unit with a built-in heater core for heating the 
air from the air blower unit before the air is discharged 
from the air outlets, and a heater duct disposed between 
the air blower unit and the air heater unit. 

To convert such a heating apparatus into an air-con- 
ditioner, it has been customary to replace the heater 
duct with a cooling unit with a built-in evaporator. The 
heater duct, which is relatively expensive, is a dedicated 
part of the heating apparatus, and cannot be used in air- 
conditioners. Consequently, when a heating apparatus 
is converted into an air-conditioner, the removed heater 
duct is useless and highly uneconomical. 

For this reason, there have been demands for heat- 
er ducts that can be used as cooling unit cases of air- 
conditioners, and various proposals have heretofore 
been made to meet such demands. 

For example, Japanese laid-open utility model pub- 
lication No. 64-37710 discloses a heater duct (hereinaf- 
ter referred to as "prior art 1°) that can be used as a 
cooler unit housing an evaporator therein, the heater 
duct having a flow-rectifying plate positioned therein ful- 
ly across its cross section at an intermediate position 
and having a number of air passages for uniformizing 
an air flow delivered from an intake unit. According to 
Japanese laid-open patent publication No. 5-38928, a 
resistive body (hereinafter referred to as "prior art 2°) is 
placed in a duct in which an evaporator can be mounted 
and has an air resistance equivalent to that of the evap- 
orator. 

According to the prior art 1 , the air passages are 
defined at equal intervals in the flow-rectifying plate. The 
speed of air delivered under pressure from the blower 
unit to the heater duct varies depending on the position 
of a blower fan and the position, shape, and dimensions 
of a duct joint, but is highest at the center of the heater 
duct. Therefore, the flow-rectifying plate according to 
the prior art 1 is unable to obtain a uniform air speed 
distribution, and cannot deliver air at a uniform temper- 
ature and a desired rate from all the air outlets in the 
passenger's compartment. 

Furthermore, because the flow-rectifying plate is 
position d at the interm diat position in the h ater 
duct, air streams that have passed through the flow-rec- 
tifying plate are combined with each other in the heater 
duct. As a result, a change is induced in the air speed 
distribution in the h ater duct, making it highly difficult 



to achieve a uniform air speed distribution in th h at r 
unit. 

When air is delivered from the air blower with an 
evaporator installed in position in general air-condition- 
s ers, the speed distribution of air that has passed through 
the evaporator is often localized due to the position of 
the air blower. It is necessary to create such a localized 
air speed distribution even when the evaporator is not 
installed because the layout of various related compo- 
se nents is designed taking into account the evaporator in- 
stalled in position and a desired heating capability would 
not be achieved if the same localized air speed distribu- 
tion were not obtained when the evaporator is not in- 
stalled. The flow-rectifying plate according to the prior 
is art 1 , however, fails to obtain the same air speed distri- 
bution when the evaporator is not installed as the air 
speed distributbn when the evaporator is installed. 

The resistive body according to the prior art 2 which 
is placed in the duct has substantially the same outer 
20 profile and air resistance as the evaporator from a prac- 
tical standpoint While the resistive body can impose a 
desired air resistance, air that has passed through the 
heater duct does not have a desired air speed distribu- 
tion at the inlet of the heater unit. Therefore, the heating 
25 apparatus cannot discharge air from the air outlets in 
the passenger's compartment at a desired temperature 
and a desired rate, and fail to provide a desired heating 
capability. 

It is an aim of the present invention to provide a 
30 heating apparatus for use in a vehicle, which is of a rel- 
atively simple structure and capable of achieving the 
same air speed distribution when an evaporator is not 
installed as the air speed distribution when an evapora- 
tor is installed, for thereby effectively increasing a heat- 
35 ing capability in a passenger's compartment. 

The above and other aims, features and advantag- 
es of the present invention will become more apparent 
from the following description when taken in conjunction 
with the accompanying drawings in which preferred em- 
40 bodiments of the present invention are shown by way of 
illustrative example. 

FIG. 1 is a schematic cross-sectional view of a ve- 
hicle heating apparatus according to a first embod- 
45 iment of the present invention; 

FIG. 2 is an exploded perspective view of a heater 
duct and a plate of the vehicle heating apparatus 
shown in FIG. 1; 

FIG. 3 is a front elevational view of the plate shown 

so in FIG. 2; 

FIG. 4 is a diagram of experimental results of air 
resistances and air speed distributions of the vehi- 
cle heating apparatus when an evaporator and the 
plat were install d; 

55 FIG. 5 is a front elevational view of a modified plate 
that can be used in place of the plate shown in FIG. 
2; 

FIG . 6 is a front elevational view of another modified 



2 



3 



EP 0 826 528 A2 



4 



plate that can be used in plac of the ptate shown 
in FIG. 2; 

FIG. 7 is a schematic cross-sectional view of a ve- 
hicle heating apparatus according to a second em- 
bodiment of the present invention; 
FIG. 8 is a front elevational view of a plate of the 
vehicle heating apparatus shown in FIG. 7; and 
FIG. 9 is a front elevational view of a modified plate 
that can be used in place of the plate shown in FIG. 
8. 

FIG. 1 schematically shows in cross section a vehi- 
cle heating apparatus 10 according to a first embodi- 
ment of the present invention. 

The vehicle heating apparatus 10 comprises an air 
blower unit 1 2 for discharging air at a given rate from air 
outlets (not shown) in the passenger's compartment of 
a vehicle such as an automobile, an air heater unit 16 
with a built-in heater core 1 4 for heating the air from the 
air blower unit 12 before the air is discharged from the 
air outlets, and a heater duct 18 disposed between the 
air blower unit 12 and the air heater unit 16. 

The air blower unit 1 2 has a blower case 22 with an 
air blower 20 housed therein. The blower case 22 is con- 
nected to an inlet joint 24 of the heater duct 18, which 
has an outlet joint 26 connected to a heater case 28 of 
the heater unit 16. 

As shown in FIG. 2, the heater duct 18 comprises 
a lower case 30 and an upper case 32 which hold ther- 
ebetween a plate (resistive body) 34 in the vicinity of the 
outlet joint 26. 

The lower case 30 and the upper case 32 have a 
first tower opening 36 and a first upper opening 38. re- 
spectively, defined in the inlet joint 24, and a second low- 
er opening 40 and a second upper opening 42, respec- 
tively, defined in the outlet joint 26. Plate fixture guides 
44, 46 are disposed in inner wall surfaces of the lower 
case 30 and the upper case 32 respectively near the 
second lower opening 40 and the second upper opening 
42. 

The plate 34 has upper and lower ends fitted in and 
supported by the plate fixture guides 44, 46, respective- 
ly. The plate 34 also has side edges fitted in and sup- 
ported by the plate fixture guides 44, 46. As shown in 
FIGS. 2 and 3, the plate 34 includes a closure region 48 
in the form of a vertically elongate high-resistance strip 
which is displaced slightly from the center to the left or 
right, the closure region 48 having a predetermined 
width. The plate 34 also has a plurality of through holes 
50a on one side of the closure region 48 and a plurality 
of through holes 50b on the other side of the closure 
region 48. These through holes 50a, 50b serve as re- 
sistive-body air passages for dividing air that is delivered 
from the air blower unit 12 to the plate 34 into air flows 
through the through holes 50a, 50b. The dimensions 
and position of the closure region 48 and the dim nsions 
and numbers of the through hoi s 50a, 50b are deter- 
mined in order to provide a desire air speed distribution 



in the h ater unit 16. 

Operation of the vehicle heating apparatus 10 will 
be described below. 

When the air blower 20 is energized, it draws am- 

s bient air into the blower case 22. The drawn air is then 
introduced from the inlet joint 24 into the heater duct 18 
and then delivered to the plate 34 that is positioned near 
the outlet joint 26. 

In the first embodiment, the plate 34 has the closure 

io region 48 displaced slightly from the center to the left or 
right and the through holes 50a, 50b on the respective 
sides of the closure region 48 for the purpose of obtain- 
ing the same air speed distribution when an evaporator 
is not installed as the air speed distribution when the 

15 evaporator is installed. The air that is delivered from the 
air blower unit 12 into the heater duct 18 and has the 
greatest air speed and rate in a substantially central re- 
gion of the heater duct 18 is bbcked by the closure re- 
gion 48 and divided into air flows over opposite sides of 

20 the closure region 48, which pass through the through 
holes 50a, 50b and are then combined and mixed with 
each other in the vicinity of the outlet joint 26. 

The heater unit 16 can thus achieve the same air 
speed distribution when the evaporator is not installed 

25 as the air speed distribution when the evaporator is in- 
stalled. When the heater core 14 is energized, the heat- 
er unit 16 supplies heated air with a desired air speed 
distribution into the passenger's compartment for an ef- 
fectively increased heating capability. 

30. An experiment was conducted on an air-conditioner 
(Experimental Example 1) having a cooling unit with a 
built-in evaporator and the heating apparatus 10 (Exper- 
imental Example 2) according to the first embodiment 
for detecting air resistances and air speed distributions. 

35 FIG. 4 shows the results of the experiment. 

With the air-conditioner according to Experimental 
Example 1 , the air speed distribution was localized due 
to the position of the air blower 20 when the evaporator 
was installed, resulting in higher air speeds in a region 

40 on the right-hand side of the center, as shown in FIG. 4. 
The heating apparatus 10 according to Experimental 
Example 2 provided the same air speed distribution as 
when the evaporator was installed, by selecting the po- 
sition and dimensions ol the closure region 48 and the 

45 dimensions and numbers of the through holes 50a, 50b 
in view of the air speed distribution obtained when the 
evaporator was installed. 

With Ihe heating apparatus 10 according to Exper- 
imental Example 2, simply by selecting the position and 

so dimensions of the closure region 48 and the dimensions 
and numbers of the through holes 50a, 50b, it is possible 
to change the air speed distribution of the air delivered 
to the heater unit 16, and to provide a uniform air speed 
distribution as w II as the same air speed distribution as 

55 when the evaporator was installed. Consequently, the 
heating capability of th vehicle heating apparatus 10 
can be effectively increased simply by using the plate 
34 in the heater duct 18. 
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Because the plate 34 is posit ion dinth heater duct 
18 near the outlet joint 26 by the guides 44, 46, the air 
flows divided and transmitted through the plate 34 are 
combined and mixed with each other in the vicinity of 
the outlet joint 26, immediately after which the air is de- 
livered into the heater unit 16. Therefore, the air speed 
distribution in the heater duct 18 is prevented from suf- 
fering changes which would otherwise occur if the plate 
34 were positioned centrally in the heater duct 18, and 
the air with a desired air speed distribution is always 
supplied to the heater unit 16. 

Other plates than the plate 34 may be used insofar 
as they have a high-resistance region in its center and 
resistive-body air passages for dividing air into airflows 
over opposite sides of the high-resistance region. 

FIGS. 5 and 6 show modified plates 60a, 60b, re- 
spectively, that can be used in place of the plate 34. 

As shown in FIG. 5, the plate 60a has a closure re- 
gion 62 of given dimensions at a given position and a 
plurality of through holes 64a on one side of the closure 
region 62 and a plurality of through holes 64b on the 
other side of the closure region 62. The closure region 
62 has a smaller number of through holes 66 defined 
therein and spaced apart at an interval or pitch greater 
than the pitch between the through holes 64a, 64b. 
These through holes 66 allow a smaller amount of air 
from the air blower 60 to pass through the closure region 
62 to the heater unit 16 than the air passing through the 
through holes 64a, 64b. 

Most of the air applied to the plate 60a is divided 
and flows through the through holes 64a, 64b in a region 
downstream of the plate 60a, and the remaining smaller 
amount of air passes through the through holes 66 into 
the region downstream of the plate 60a. Therefore, 
three air flows are combined and mixed with each other, 
providing a desired air speed distribution. 

As shown in FIG. 6, the plate 60b has a plurality of 
through holes 68 in vertical rows that are spaced at pro- 
gressively greater intervals from the opposite sides of 
the plate 60b toward the center thereof. Therefore, the 
density of the through holes 68 is progressively smaller, 
i.e., the through holes 68 are progressively coarser from 
the opposite sides of the plate 60b toward the center 
thereof. 

The plate 60b has a closure region 70 where the 
through holes 68 are coarsest which divides the air ap- 
plied thereto into air flows on opposite sides of the clo- 
sure region 70. 

Therefore, either the plate 60a or the plate 60b used 
in place of the plate 34 is as effective and advantageous 
as the plate 34. 

FIG. 7 shows a vehicle heating apparatus 100 ac- 
cording to a second embodiment of the present inven- 
tion. The vehicle heating apparatus 100 compris s an 
air blower unit 12, an air heater unit 16, and a heater 
duct 102 disposed between the air blower unit 112 and 
the air heater unit 16. The heater unit 102 has an inlet 
joint 24 connected to the air blower unit 1 2. The heater 



duct 102 hous s a plate (resistive body) 104 in th vi- 
cinity of an outlet joint 26 of the heater duct 102. The 
plate 104 has opposite sides spaced from correspond- 
ing inner wall surfaces 102a, 102b of the heater duct 

s 1 02 by respective spaces or gaps 1 06a, 1 06b. The plate 
104 is held in position by guides 108a, 108b placed in 
the heater duct 1 02. 

As shown in FIG. 8, the plate 104 has upper and 
lower edges held against upper and lower inner wall sur- 

10 faces of the heater duct 102. The plate 104 also has a 
plurality of through holes 110 defined therein. The posi- 
tion and width of the plate 104 and the dimensions and 
positions of the through holes 110 are selected to pro- 
vide a desired air speed distribution in the heater unit 1 6. 

*5 The vehicle heating apparatus 1 00 operates as fol- 
lows: When the air blower 20 is energized, it draws am- 
bient air into the blower case 22. The drawn air is then 
introduced into the heater duct 1 02. When the air is ap- 
plied to the plate 104, most of the air is divided into air 

20 flows that flow into and through the spaces 106a, 106b 
and then are combined and mixed with each other in the 
vicinity of the outlet joint 26 downstream of the plate 1 04. 
The remaining amount of air that has passed through 
the through holes 110 in the plate 104 also joins the air 

25 in the vicinity of the outlet joint 26. The air is then sup- 
plied to the air heater unit 1 6 with the same localized air 
speed distribution as when the evaporator is installed or 
a uniform air speed distribution. The air heated by the 
air heater unit 16 is thus effective to provide an in- 

30 creased heating capability. 

The plate 1 04 may be replaced with a modified plate 
120 shown in FIG. 9. The plate 120 comprises a verti- 
cally elongate rectangular plate free of through holes. 
The plate 120 with a predetermined width is disposed 

35 in the heater duct 1 02 at a preselected position, creating 
spaces or gaps 122a, 122b defined between the oppo- 
site sides of the plate 1 20 and the inner wall surfaces 
102a, 102b of the heater duct 102. Air delivered from 
the air blower unit 12 is divided into air flows that flow 

40 into and through the spaces 122a, 122b and then are 
combined and mixed with each other in the vicinity of 
the outlet joint 26 downstream of the plate 120. 

As described above, the resistive body is disposed 
in the vicinity of the outlet joint ol the heater duct, and 

45 has the resistive -body air passages for dividing deliv- 
ered air flowing in the heater duct into air flows over the 
opposite sides of the resistive body. Therefore, the de- 
livered air flowing centrally in the heater duct at the high- 
est air speed is blocked by the resistive body, and the 

so air flows are combined and mixed with each other down- 
stream of the resistive body, producing an air flow that 
is supplied to the air heater unit at a desired air speed 
distribution. 

Cons quently. it is possible to obtain, easily and re- 
55 liably, the same localized air speed distribution when the 
evaporator is not installed as the localized air sp ed dis- 
tribution when th evaporator is installed, with the r sis- 
tive body that is simply mounted in th heater duct. The 
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heating capability of the vehicl heating apparatus is 
high because of the localized air speed distribution. In- 
asmuch as the resistive body is disposed near the outlet 
joint of the heater duct, the airflows divided by the re- 
sistive body and then combined and mixed with each 
other do not change the air speed distribution before 
reaching the air heater unit. Thus, the desired localized 
air speed distribution can be obtained in the air heater 
unit. 

Although certain preferred embodiments of the 
present invention has been shown and described in de- 
tail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 



Claims 

1. A vehicle heating apparatus (10) comprising: 

an air blower unit (12) for discharging air from 
air outlets in a passenger's compartment: 
an air heater unit (16) with a built-in heater core 
(14) for heating the air from said air blower unit 
(12) before the air is discharged from said air 
outlets; 

a heater duct (18) disposed between said air 
blower unit (12) and said air heater unit (16); 
and 

a resistive body (34) disposed in said healer 
duct (18) near an outlet thereof, for generating 
a predetermined air speed distribution in said 
heater unit (16); 

said resistive body (34) having resistive-body 
air passages (50a, 50b) for dividing most of air 
flowing through said heater duct (18) into air 
flows over opposite sides of said resistive body 
(34). 

2. A vehicle heating apparatus according to claim 1, 
wherein said resistive body (34) has peripheral edg- 
es held against inner wall surfaces of said heater 
duct (18), and said resistive-body air passages 
(50a, 50b) comprise a plurality of through holes 
(50a, 50b) defined in at least opposite sides of said 
resistive body (34). 

3. A vehicle healing apparatus according to claim 2, 
wherein said resistive body (34) has a closure re- 
gion (48) having a predetermined width and dis- 
placed laterally from a center thereof, said through 
holes (50a, 50b) being positioned on each side of 
said closure region (48). 



ach side of said closure region (62). 

5. A vehicle heating apparatus according to claim 2, 
wherein said through holes (68) are progressively 

s coarser from the opposite sides of said resistive 
body (60b) toward the center thereof. 

6. A vehicle heating apparatus according to claim 1, 
wherein said resistive body (104) has opposite side 

70 edges spaced from corresponding ones of the inner 
wall surfaces (102a, 102b) of said heater duct (1 02) 
by respective spaces as said resistive-body air pas- 
sages. 

1$ 7. A vehicle heating apparatus according to claim 6, 
wherein said through holes (110) are defined in said 
resistive body (104). 



8. A vehicle heating apparatus according to claim 6, 
20 wherein said resistive body (120) comprises a clo- 
sure plate (120). 
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A vehicle heating apparatus according to claim 3, 
wherein said closure region (62) has a plurality of 
through holes (66) defined therein and spaced at a 
greater pitch than said through holes (64a, 64b) on 
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FIG.3 
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FIG.6 
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